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Abstract. The aim of this paper is to highlight the effect of the endowment of resources on development through the analysis of the impact 
of national strategy, both at a regional and local level. The research focuses on the Legal Amazon†, through the georeferenced analysis of 
socio-economic data from the last three censuses (1991, 2000 and 2010), in order to demonstrate how the Brazilian national energy strategy 
is contributing to the perpetuation of the phenomenon of the endowment trap‡ at a regional level. Despite boosting the national growth, the 
concentration of sector-based projects in resource-abundant areas is unable to eradicate inequalities, which in turn perpetuates the path 
dependence§. 
 
                                                 
* This research was supported by the project AguaSociaL an FP7-PEOPLE-2013-IRSES - Marie Curie Action "International 
Research Staff Exchange Scheme", Grant Agreement Number 612633  
 
 
 
†
 Composed by all seven states of the Northern Region (Acre, Amapá, Amazonas, Pará, Rondônia, Roraima, Tocantins) to which the 
Maranhão (North-East Region) and the Mato Grosso (Center-East) are also added. 
‡
 Occurs when the development trajectory of a resource-abundant country mainly relies on primary product exploitation (Auty, 2001). The 
phenomenon can also produce the same implications in the internal energy market. 
§
 The concept aims to frame the way in which historical events can ‘lock in’ pathways of development (Martin and Sunlay, 2006). 
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1. Introduction 
 
Following the recent Rousseff impeachment (OECD, 2015), Brazil is currently emerging from a political and 
economic crisis. Factors such as corruption as well as the social policies applied by President’s Rousseff’s party 
seem to have contributed to strengthened dependence at regional level rather than producing structural changes 
and improving welfare (Traspadini, 2014). As a consequence, political tools proposed by the current government 
are aimed at reducing public spending and stimulating growth, in line with the Latin American switch from 
heterodox economic policies to neoliberal interventions for a steady recovery (Wylde, 2016). Therefore, in order 
for economic growth to occur, energy production and its material applications (such as electrification) is of 
pivotal importance, even in spite of the threat this poses to territory and population (Kileber and Parente, 2015). 
Section two will outline the effect of the endowment of resources on the Brazilian energy strategy and highlight 
the role of Legal Amazon in the national energy strategy, taking into consideration the matter of misallocation of 
benefits from resource exploitation (Fearnside, 2016). Section three will then showcase a number of figures 
indicating how the realization of big projects have improved development in the state of Pará. Finally, section 
four will look at a brief study of the correlation between human development and income per capita (PNUD; 
IPEA; FJP 2017). 
  
2. A resource curse or renewed colonialism?    
    
Brazil is a medium income country with an abundance of natural resources (OECD, 2015). However, due to its 
developing condition, these characteristics expose it to the resource curse phenomenon (Costantini and Monni, 
2008 a. and b.; Auty, 2001). Such dynamics may present themselves specifically in the scenario of the energetic 
sector (Kileber and Parente, 2015). However, regardless of its high hydroelectric potential, Brazil appears to have 
broken free of the energetic trap, despite the fact that the process of diversification does not follow the energy 
ladder** criteria (Burke, 2012). In fact as the percentage of other renewable sources increases, the hydroelectric 
sector decreases only relatively, with a yet significant use of fossil fuel such as wood and coal, thus moving away 
from those objectives of environmental protection which truly represent a fundamental part of well-being (Brand-
Correa and Steinberger, 2017). 
 
A crucial topic relating to the exploitation of natural resources by a sector-based programme in Brazil is that of 
water destined for the use of energy production, since this allows Brazil to gain greater energy independence from 
the rest of the world. Though intended for noble purposes, this use of water generates notable impacts: firstly, 
institutions do not sufficiently facilitate an equitable and reliable supply of water; secondly, its pollution and 
uneven distribution affects social life and public health, since both private sectors and large public companies are 
more interested in focusing on the expected revenues from the energy sector rather than providing basic welfare 
                                                 
**
 The energy ladder concept posits that countries move to more sophisticated energy carriers as their income increases (i.e. shifting from 
traditional biomass to more modern and efficient fuels). For instance, in the energy sector high income conditions foster the development of 
new technologies of energy production which are usually cleaner and more modern than previous methods. 
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services (Cori and Monni, 2015). Appropriation of water by public and private enterprises in order to produce 
energy may threaten the process of universalization of access to water. Furthermore, it can damage local 
economies (e.g. through the interruption of water flows that could have otherwise been used for transportation and 
commerce) with huge negative impacts being suffered mostly by the local communities (Monni and Realini, 
2017). 
 
The construction of extractive poles as a fully-fledged way to occupy the Amazon in the name of national interest 
has been implemented since the seventies; the area, as well as the reach of mineral resources and water, have 
suffered a thoughtless and accelerate occupation (Becker, 2005). National strategy has revealed itself to be of an 
excluding nature, rendering the development process extremely unbalanced and adverse for the Amazon. Sector-
based projects often benefit external actors (i.e. profit leakage and tax relief for foreign ventures), while the local 
population suffers environmental and social costs (Fernandes et al. 2017). Moreover, the exploitation and 
occupation of the land endanger the conservation and safeguarding of both the territory and its population and 
culture, making the matter of the Amazon a social and political issue rather than a merely technical-scientific one 
(Magalhães Filho, 1987; Fearnside, 2017).  
 
3. National programmes between economic growth and human development 
 
Since the era of the Grande Brasil†† the Amazon has been subjected to sector-based programmes aimed at 
improving national development, as well as regional projects aimed at improving regional development, though 
the latter have proved unsuccessful in achieving the expected development goals (Magalhães, 1987). In fact, 
projects of regional interest usually absorb limited resources compared to national ones, which are instead highly 
financed by national and international capital. Nevertheless, although the latter strategies should ideally be 
conceived as inclusive, they tend to imply a small number of local concerns (Buarque, 1987). For example, whilst 
the northern region (which has been affected since the ‘70s by sector-based programs due to its availability of 
resources) maintains unsatisfactory levels of development, the state of Pará has the lowest MHDI of the whole 
area (PNUD-IPEA-FJP 2017), regardless of the fact that it hosts Belém. In fact, in 1991 none of its municipalities 
belonged to the top 10 cities of the State. However, from 1991 to 2010, 3 of its municipalities remained among 
the last 10, with Melaço performing the worst MHDI (0.418) in 2010, not only out of the northern region but of 
Brazil as a whole (PNUD-IPEA-FJP, 2017). 
 
Despite the realization of Grande Carajás, one of the main sector-based Brazilian programs, the state of Pará 
maintains unsatisfactory levels of development (PNUD; IPEA; FJP 2017). Our goal is to focus on this state in 
order to highlight the performance of 27 municipalities directly or indirectly affected by sector-based projects. 
The analysis is based on georeferentiated data (Lelo, 2011) from the last IBGE‡‡ census (1991, 2000 and 2010) 
and takes three indicators into account: the income per capita, the percentage of population vulnerable to poverty 
and the inequality (Sen, 2005; Ehrhart, 2009; Azeem et al., 2017; Santos et al., 2017; Menshikov et al., 2017). 
The selected municipalities are gathered into five groups depending on their geographical relation to their 
pertaining sector-based projects: M1 (upstream municipalities affected by Tucurí UHE); M2 (downstream 
municipalities affected by Tucuruí UHE); M2* (Barcarena, headquarter of Hydro Alunorte); M3 (municipalities 
affected by Belo Monte UHE); M4 (Santarem, headquarter of Silvio Braga UHE) (Map 1).  
 
 
 
 
                                                 
††
 Expression meaning “Big Brazil”. It refers to the 5th Republic, that is to say the period of the dictatorship (Motta, 2007). 
‡‡
 Brazilian Institute of Geography and Statistics. 
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Map 1. 27 municipalities affected by sector-based projects in Pará 
 
Source: Personal elaboration from PNUD; IPEA; FJP 2017 
 
 
The more recent the year, the higher the income per capita in all groups. However, the data shows better results in 
terms of income increase than in terms of decrease of vulnerability to poverty. In fact, since the Gini index is the 
only ratio in which all target groups have performed increasingly worse throughout the years, in each year the 
substantial increase in income occurs in the presence of constant inequality (PNUD-IPEA-FJP, 2017).  
 
The rate of growth of the income per capita is on average positive for all the units between 1991 and 2000. Brazil 
demonstrates a +3% growth rate per year, as well as Pará and M4 with only M3 and M2 performing better (at 
+5% and +4% respectively). The worse performance is by M2* and M1 (+2%). In the 2000-2010 decade, Brazil 
maintains a 3% growth rate of income per capita, whilst lower growth rates occur in Pará for municipalities with a 
more advanced state of economic development (Map 2).  
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Map 2. Per capita income (BR R$) 
 
 
 
 
Source: Personal elaboration from PNUD-IPEA-FJP, 2017. Data relates to the ratio between the sum of the income of all individuals living 
in permanent private households and the total number of these individuals. Amounts in BR R$ as of August 1st 2010. 
 
However, though it is not possible to identify a trend owing to the lack of data (census data only) and to the fact 
that the behavior of the selected cities is largely heterogeneous, it can be said that from 1991 to 2010, each city 
has witnessed a reduction of sorts in the percentage of population vulnerable to poverty (Map 3).  
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Map 3. % of population affected by vulnerability to poverty 
 
Source: Personal elaboration from PNUD-IPEA-FJP, 2017. Data refers to the proportion of individuals living in permanent private 
households with per capita household income equal to or less than 255 BR R$ per month as of August 1st 2010, equivalent to 1/2 minimum 
salary at that time  
 
In 1991 high levels of vulnerability to poverty were registered at all levels of disaggregation, but a reasonable 
reduction is registered in 2000, with a further effort made in 2010. The best result has been achieved at a federal 
level: between 2000 and 2010 Brazil has reduced its vulnerability rate by 15%. The decrease in poverty is not a 
sufficient indication of a positive trajectory of development since the Gini index holds disappointing results.  For 
Tucuruí (the leading municipality in M2) and Altamira (the leading municipality in M3), both decades show that 
the change in population vulnerable to poverty (-41% and -35% respectively) is less than proportional to the 
increase in per capita income (+78% and +107%) (PNUD, 2017). Instead, the reduction in the percentage of the 
poverty-vulnerable population in M2* by -78% is more proportional than the +51% increase in per capita income 
throughout the whole period. In 2010 Santarem (M4) registered a vulnerability rate of 55%, that is to say more 
than 10 points below the mean of Brazil, Pará and target municipalities (66.9%, 66.7% and 67.1% respectively) 
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(PNUD-IPEA-FJP, 2017). From decade to decade, all the selected municipalities show better results in terms of 
income increase than in terms of reduction of vulnerability to poverty (PNUD-IPEA-FJP, 2017) (Figire 1).  
 
 
Fig. 1 Vulnerability to poverty 
 
Source: Personal elaboration from PNUD-IPEA-FJP, 2017. The graph compares the variation of the rate of growth of the income per capita 
with the decrease of the percentage of population vulnerable to poverty in four pivotal cities in the state of Pará between 1991 and 2000, 
and also between 2000 and 2010 
 
At each level, the substantial increase in income occurs in the presence of constant inequality. The increase in 
inequalities is structured in two phases: the former, between 1991 and 2000, experienced an absolute worsening; 
the latter, between 2000 and 2010, showed a relative decreasing. In 2010, compared to 1991, Brazil had a worse 
income distribution, as can be seen by the +0.08 points increase in the Gini index, while both Pará and the target 
municipalities show a smaller increase in inequality, amounting to +0.03 points on average (Map 4). 
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Map 4. Inequality (Gini Index) 
 
 
Source: Personal elaboration from PNUD-IPEA-FJP, 2017. Data measures the degree of inequality in the distribution of individuals 
according to per capita household income. Its value varies from zero when there is no inequality (household income per capita of all 
individuals has the same value) to 1, when inequality is at its maximum (only one individuals owns all income). The population of 
individuals is limited to those living in permanent private households 
 
All target groups obtained worse results when compared to Brazil and Pará. On the one hand, M2* (Barcarena, 
leading municipality of the M1 group) registered the highest value in 1991 and also in 2010, while M1’s results 
are particularly worrying due to their constant increase in the index. Instead, in this scenario Tucuruí (the leading 
municipality of M2) has no change in the Gini index despite the increase in incomes (this would also partially 
explain the slow reduction of vulnerability to poverty). Tucuruí is reduces the percentage of vulnerability to 
poverty at a slower rate than the increase in per capita income. Moreover, despite its large power plant and energy 
attractiveness, the city scores a "potentially unsustainable" Gini index with a merely "intermediate" per capita 
income (Fapespa, 2016). On the other hand, although it was not yet hosting the Belo monte power plant, Altamira 
(the leading municipality of the M3 group) reduced inequality by -2% and -3%, in the first and second decade 
respectively, recording a potentially unsustainable Gini index all the same (Fapespa, 2016). (Figure 2). 
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Fig. 2.  Gini Index 
 
 
 
Source: Personal elaboration from PNUD-IPEA-FJP, 2017. The graph compares the income per capita (expressed in BR R$ as of August 
1st 2010) with the Gini index for four pivotal cities in the state of Pará in 1991, 2000 and 2010 
 
Such results are clearly also induced by the geo-political history of the territories in question.  
Despite their common development path, the four main cities focused on in the above analysis display 
heterogeneous territories as well as heterogeneous inclinations (Rocha, 2008; 2016). However, it is important to 
acknowledge that at the time of analysis each city was affected by large heterogeneous sector-based projects 
(CBDB, 2011; Fapespa, 2015) which are still in act. 
 
 
4. The path of development 
 
Based on a logical dependence between per capita income and human development, it can be hypothesised that 
per capita income substantially induces changes in the human development index at a municipal level. In this case 
it can be defined as "logical" because the calculation of the MHDI is based on education, health and income.  
 
For this reason, our focus was not to discover a scientific rule but to concentrate on the level of association 
between the income per capita and the human development (measured as Municipal Human Development Index, 
MHDI) throughout the Spearman's correlation index ρ (rho), namely a co-graduation index applied on ordered 
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values§§ in order to recognise the extent to which the income per capita has a role in explaining the MHDI*** 
(Hauke, Kossowsky, 2011). The graph clearly indicates that even when very low, the association is always 
positive (0 <ρ <1). This positive correlation increases each year for every group. M1 shows the lowest 
association, while M2 and M3 show a highly positive correlation (already in 1991), presenting similar variations 
throughout the years. The association mentioned above decreases if we are to consider the total sample (n = 27). 
(Figure 3). 
 
Fig. 3. Spearman's co-graduation index ρ (rho) 
 
Source: Personal elaboration from PNUD-IPEA-FJP, 2017 
 
It can be concluded that the index of co-graduation in 2010 is high and almost homogeneous for all subgroups, 
with ρ> 0.80 in all cases. This indicates that the role of per capita income, though not the only determinant of 
development, is gaining an increasingly decisive role. However, its role remains the smallest in the area with the 
worst distribution of income (M1) which is in turn the most exposed to the negative effects of the national 
intervention in the exploitation of local natural resources (i.e. downstream effect of the Tucuruí hydroelectric 
plant).  
 
Conclusions 
 
A trade-off between national growth and human development clearly exists and is particularly severe for 
emerging countries which are also perceived to hold the greatest pollutant potential and the highest likelihood to 
shift from a dirty to clean development paradigm. Renewable energies increase as they become progressively 
considered as the best solution for combining development achievements whilst preserving ecosystem services. 
                                                 
§§
 We must first order the values of all municipalities on a scale from 1 to 27 (n=27) in order to calculate the total 
Spearman’s index. We then re-calculate the rankings within each group, on the basis of different scales (i.e. n=8 for M1, n=7 
for M2 and n=11 for M3), to calculate the target group’s Spearman indexes (Total Spearman index does not change).  
***
 That is to say how much the error in predicting the rank of a municipality with regards to MHDI can be reduced if we 
take into account the rank of the same unit with regards to income per capita. The index has a value between 1 and -1: ρ = 1 
the units have the same rank in both rankings; ρ = 0 the two rankings have no association; ρ = -1 units never have the same 
rank in both rankings. 
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However in Brazil’s case, though the Amazon has a great mining and hydroelectric potential and as is generally 
the case with natural resources, the uneven distribution of benefits and costs from its exploitation affects the 
energy strategy and the development of the region. In fact, the return on investment represents a true measure of a 
project’s contribution to social welfare only if it is evaluated at its social-environmental opportunity cost 
(Costantini et al., 2016).  
 
Therefore, the overall evaluation of the indicators mentioned above outlines the real holistic progress made in 
local contexts in Brazil, especially in cases of implementation of sector-based national programmes. This is an 
important starting point when dealing with the implementation of new strategies: if lessons are successfully 
learned from past experiences, the evaluation of future development proposals can be greatly improved to allow 
for policy makers to be better informed in their investment decisions. 
 
The Gini index is the only indicator in which target groups register worse results than both the country and the 
state. This is highly indicative of the development model of sector-based projects: though they assure a great 
influx of capitals, the lack of adequate structural policies means that they merely contribute to national economic 
growth whilst overlooking the human development in affected areas (Caravaggio and Iorio, 2015).  
 
We therefore propose to provide knowledge in order to aid the reviewing of the country's development agenda. 
Alongside the integrated process of national growth and throughout the combined struggle against poverty and 
inequality as instruments for a balanced development, we propose a medium-to-long term objective of 
overcoming the Amazon’s current categorisation as "Brazil’s backyard" (Pinto, 2017) in favor of a dual 
development strategy based on the exploitation-conservation of resources and territory, so as to ensure a 
sustainable national growth and regional integration (Magalhaes, 1987). 
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